H orticultural crops were the first biotech crops commercialized in the United States, beginning with Calgene's ground-breaking Flavr Savr tomato in 1994, followed in 1995 by Asgrow's virus-resistant squash and DNA Plant Technology's Endless Summer tomato. The Flavr Savr tomato, with its superior flavor and shelf life, was well received by consumers, garnered repeat purchases and demonstrated that consumers were receptive to fresh produce labeled as genetically engineered (Bruening and Lyons 2000) . In 1996, Zeneca launched a biotech processing-tomato product that from 1999 to 2000 was the best-selling tomato paste (puree) in the United Kingdom. The paste reduced processing costs and resulted in a 20% lower price. However, despite their consumer benefits and initial market acceptance, none of these tomato products were financial successes and none are being sold today. In the first instance, production and distribution costs of the Flavr Savr proved prohibitive. In the second case, Zeneca decided not to continue growing the tomatoes in California and shipping the paste to the United Kingdom. When Zeneca ran into the European moratorium, they were unable to get approval for growing the tomatoes in Europe. Once the supply of the tomato paste was exhausted, the product disappeared from the grocery store shelves.
These early products of horticultural biotechnology are often overlooked because of the huge successes of biotech field crops such as feed corn, soybeans and cotton. Since their introduction in 1996, biotech field crops have quickly gained wide acceptance by farmers and were grown on more than 167 million acres worldwide in 2003, primarily in the United States, Canada, Argentina, Brazil and China (James 2003) ( fig. 1 ). India recently approved biotech cotton and Brazil approved biotech soybeans, for a total of 18 countries that have approved commercial field production of biotech crops. All of these crops are designed for pest and weed control, with either insect or herbicide resistance. As a result, sales of conventional agricultural pesticides declined 7.4% in 2000, while biotech-based varieties jumped 12.9% (Schmitt 2002) . The worldwide value of all seed business (biotech plus conventional seed) rose from $15.3 billion in 1996 to $16.7 billion in 2001, but the value of conventional seed fell during the same period from $14.9 billion to $13.4 billion, indicating a healthy value of $3.3 billion in 2001 for biotech seed worldwide. Although the European Union (E.U.) moratorium on new registrations has affected introduction of the newest biotech field crops, the utilization of current products is increasing.
The success of biotech field crops is in sharp contrast to restricted commercial opportunities for biotech fruits and vegetables. There are few examples of transgenic horticultural crops that are currently being grown and marketed successfully: virus-resistant squash is planted on a small acreage in the south-had planted the New Leaf potato (see sidebar, page 94). Research activities with horticultural crops have also been cut back, with the number of field trials conducted declining since 1999 ( fig. 2) . Together, the E.U. moratorium, the failure of the European Union to establish tolerances for the adventitious (accidental) presence of biotech crops in food and seed, labeling issues and the reluctance of the marketing chain to accept new biotech foods have virtually halted commercialization of new biotech fruits and vegetables.
Crops approved as safe
Despite initial consumer acceptance, biotech horticultural products are virtually absent from today's market. Are U.S. consumers concerned about the safety of these products? They do not appear to be, since they trust the U.S. government's oversight. Extensive safety data are generated for each specific transformation event (the insertion of a specific segment of recombinant DNA into a specific variety). In general, it takes dozens or hundreds of transformation events, each of which must subsequently be regenerated into a transgenic plant, to identify one or two that will be used for commercialization. This compares to the hundreds or thousands of plants that may be evaluated in a traditional breeding program to identify a single commercial line. However, unlike with traditional breeding, each commercial transformation event must have its own dossier of safety assessments and meet key data requirements, including toxicity, nutritional data, allergenicity and environmental impacts (see box, page 108).
Companies have conducted these studies for all biotech products commercialized to date, and U.S. and international regulatory agencies have granted approvals (see box, page 109). No case has been documented to date of harm to humans or the environment from the biotech crops currently being marketed, although "genetic drift" from transgenic to conventional crops has occurred as it has for millennia between conventional crops. Now some Mexican growers have expressed concerns under the North American Free Trade Agreement (NAFTA) about preserving the biodiversity of their maize due to gene flow from transgenic corn (NACEC 2004) .
Certainly, information of this type is needed to identify potential hazards and ensure the food and environmental safety of crops developed using biotechnology. Despite the track record of currently approved biotech crops, many opponents continue to demand that additional safety studies be conducted due to concerns such as genetic drift, out-crossing with wild species and food safety. For example, the U.K. Royal Society (2002) , an organization of distinguished scientists, made the following conclusions:
• "There is at present no evidence that GM foods cause allergic reactions." • "There is no evidence to suggest that those GM foods that have been approved for use are harmful." • "Risks to human health associated with the use of specific viral DNA sequences in GM plants are negligible." • "It is unlikely that the ingestion of well-characterized transgenes in normal food and their possible transfer to mammalian cells would have any significant deleterious biological effects."
Nonetheless, in the same report, the Royal Society recommended that more studies be conducted using the latest analytical techniques to test each and every compound produced by the biotech crops, including compounds released as volatiles. The Royal Society then recommended that post-marketing surveillance be conducted, "should GM foods be reintroduced into the market in the U.K." Although it could not identify any specific safety hazards in current biotech products, the Royal Society did not recommend that such foods be allowed back into the United Kingdom. Regardless of the extent of safety testing and absence of evidence of harm, the bar may continue to be raised as new testing technologies are developed, making it increasingly expensive to meet regulatory requirements.
Regulatory and other barriers
In addition to safety assessments, there are a number of significant barriers to developing new biotech horticultural crops, including the added costs of variety development, regulatory approval, post-commercialization stewardship and the reluctance of the horticultural marketing industry to accept products grown from biotech varieties. Many of the hurdles faced by companies developing biotech varieties do not exist for traditionally bred varieties, including the following issues.
Seed movement and field testing. Experimental biotech varieties can be moved interstate and tested in the field only under permit from the APHIS, to prevent mixing with nonbiotech seed. During the experimental phase, it takes at least 10 days to obtain a permit for seed movement and 30 days to obtain one for field release.
Adventitious mixing. Specific protocols must be developed, implemented and enforced to prevent adventitious Zeneca's biotech tomato puree (paste) was successfully sold in the United Kingdom from 1996 to 2000.
Key data requirements for U.S. safety assessments of new transgenic crops Product description: data on the host or parent plant, introduced or novel genetic material, and intended effect of the inserted gene.
Molecular characterization: data on the location and manner in which the target gene is inserted into a single site in the host plant's DNA.
Toxicity studies: as necessary, tests demonstrating the safety of the transgenic protein.
Nutritional data: analyses of the fruit or commodity collected over several growing environments and growing seasons.
Substantial equivalency: data and information showing that the biotech variety differs from comparable nonbiotech varieties only with respect to the intended effect.
Allergenicity: analyses showing that a transgenic protein is unlikely to cause allergic reactions in humans.
Natural toxicants: analyses showing that there is no increase in the levels of natural toxicants.
Environmental impact: studies demonstrating that the biotech variety is unlikely to have an adverse effect on the environment, including:
• Outcrossing and gene flow, to evaluate whether the introduced trait is likely to move from the crop to related wild species.
• Germination and flowering, to determine whether the introduced trait is likely to alter seed germination, flowering time or other properties that affect the plant's ability to reproduce in the wild.
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mixing with other varieties. Such mixing can occur as a result of pollen movement from a biotech field to a conventional field or during seed harvest and cleaning. Adventitious mixing occurs when very small amounts of biotech seed mix with other nonbiotech seed. Regulatory agencies in some countries establish "tolerances," the maximum allowable amount of adventitious material (similar to tolerances for pesticide residues). For biotech varieties at the experimental stage (unapproved events), the tolerances are usually zero in food and seed. For biotech varieties approved for commercial growing and consumption, the thresholds for adventitious presence vary from country to country, ranging from less than 1% to 5% for food ingredients, and 0.3% to 1% for seed. By comparison, conventional seed-purity thresholds are usually between 1% and 10%, depending on the crop and varieties. Handling procedures. Separate breeding and seed production programs are needed for biotech crops, with increased isolation and strict handling procedures to prevent cross-pollination or adventitious mixing. Increased seed purity standards -over the standards for conventional seed -are also required throughout growing, harvesting, cleaning, milling, storage, coating, packaging and shipping.
Tracking, training. In order to achieve tolerances an order of magnitude stricter for biotech varieties than is required for conventional varieties, biotech-specific internal tracking and testing procedures must be implemented. Additional training on handling of biotech crops is required throughout the development and marketing chain -from molecular biologists and breeders to seed producers and distributors. Each new employee who might be involved with biotech varieties at any level must be specially trained. Depending upon the type of product, grower training and post-commercialization stewardship programs may be required.
Increased development costs
These additional requirements have increased the cost of developing biotech varieties (in excess of costs to develop traditionally bred varieties) to at least $1 million per allele (if limited strictly to the United States) and more likely to $5 million or more per allele, depending on the number of countries in which approvals are required. An allele is a single transformation event, which contains the genetic trait of interest and expresses the desired phenotype in the crop.
These additional costs and issues are the same for both field and horticultural crops. Due to the large acreage of field crops, the costs can be justified by the market size of the biotech varieties. The same is not true for horticultural crops because of the small acreage of each crop. One strategy has been to limit marketing of a biotech horticultural crop to just the United States. However, due to the international trade in horticultural commodities, there are few examples of products under development in which both the seed and the product could be contained solely in the United States. More likely, a biotech variety will need approvals in a number of countries to which the product might be exported. For example, biotech processing-tomatoes grown in California will end up being exported as tomato paste or other products to many countries around the world, each of which must give food approval prior to commercialization. And, if the processed product contains seeds that might be viable, environmental studies and approvals are also be required in the importing country, even if the importation is intended only for food consumption. Importing countries may also impose additional and unique requirements, such as labeling or the ability to trace the product back to the producing farm, as in pending E.U. regulations.
The end-result of a successful biotech development program is a new allele that produces the intended effect, has passed the thorough safety testing and has received approvals and registrations from appropriate government agencies. In the 1990s, developers of biotech varieties assumed that once a biotech product was shown to be safe, it would be produced and marketed just like any other commodity. A biotech allele would be equivalent to a traditional allele, and there would be no need for product segregation, labeling or special handling. While this is largely the case in the United States, this assumption is no longer valid because of labeling requirements in the European Union and other countries.
Another assumption was that product approvals could be achieved generically for a specific gene and crop. That is, once a particular gene product was shown to be safe, it could be introduced into additional varieties without retesting. Instead, approvals are based on specific transformation events. Consequently, if different varieties are transformed with a given gene to produce a 
IR-4 Project targets specialty crops
Robert E. Holm Daniel Kunkel P esticide applications for "minor" or "specialty" crops -typically those grown on less than 300,000 acres nationwide -often do not get the full support of product registrants because the potential economic benefits are perceived as much more limited than for applications targeting crops grown on large acreages, such as soybeans and field corn. The IR-4 Project is a unique partnership of researchers, producers, the crop-protection industry and federal agencies designed to increase pest-management options for specialty crops, which include vegetables, fruits, nuts, herbs, nursery crops and flowers. (Most of the crops grown in California fit into this category.)
With funding from the U.S. Department of Agriculture, state agencies, commodity groups and other industry sources, IR-4 researchers and cooperators generate field and laboratory residue data, which are submitted to the U.S. Environmental Protection Agency (EPA) to secure regulatory clearances for using safer pest-control techniques on specialty crops. Projects are prioritized based on requests from growers, commodity groups, and USDA and land-grant university researchers. Since 1963, IR-4 has contributed to more than 7,300 regulatory clearances for specialty crops.
In 1996, IR-4 responded to the federal Food Quality Protection Act (FQPA) by shifting its strategy from product defense (support for older pesticides needing reregistration) to working with reduced-risk/safer chemistries and biopesticides. The program also expanded its Good Laboratory Practices (GLPs) efforts, started a Methyl Bromide Alternatives Program and initiated a pilot program to support new transgenic horticultural crops. Because they are also grown on smaller acreages, transgenic horticultural crops face many of the same regulatory hurdles as uses on conventional specialty crops.
Focus on herbicide tolerance
The IR-4 team initially identified herbicide tolerance and insect resistance as potential opportunities for assisting transgenic specialty crops through the regulatory review process. It then narrowed down the focus to herbicide tolerance, recognizing that the FQPA could possibly limit the use of several key herbicides for vegetables due to regulatory concerns about toxicology and groundwater contamination. The other justification for focusing on herbicide tolerance was that the newer herbicides in the development pipeline for major crops had limited tolerance on specialty crops, prompting companies to restrict their uses on vegetables due to product liability concerns.
Sweet corn. IR-4's first transgenic project was the result of research conducted by Gordon Harvey at the University of Wisconsin, who was looking for alternatives to the use of atrazine -a potential groundwater contaminant -in Wisconsin sweet-corn production. Harvey conducted studies on glufosinate-tolerant (Liberty Link) sweet corn and demonstrated excellent weed control. The commercial varieties linked the Bt gene with the glufosinate-tolerant gene to provide additional protection against corn borer and corn earworm, two major sweet-corn pests.
IR-4 then facilitated the residue assessment programs required by EPA in 1997 EPA in , 1998 EPA in and 1999 The IR-4 Project is a unique partnership of researchers, producers, the crop protection industry and federal agencies designed to increase pest-management options for specialty crops.
Matt Hengel, regional laboratory coordinator of the IR-4 Western Region, tests hops residue at the UC Davis Department of Environmental Toxicology.
Sherrilynn Novack range of biotech varieties, each is an independent transformation event subject to all of the regulatory requirements. Because this is prohibitively expensive, developers must transform just one variety, register that event, and then use traditional breeding methods to incorporate the transgene into other varieties. This greatly delays and increases the cost of developing multiple biotech varieties in a given crop. This is particularly restrictive for horticultural crops, in which many varieties are required to meet different seasonal production requirements and diverse consumer preferences, and any single variety has a relatively small market share. For example, dozens of different types and varieties of lettuce (such as iceberg, romaine, leafy) are grown throughout the year as production shifts between summer and winter locations in California, Arizona and Florida.
Some agronomic seed companies budget $50 million for the full commercialization of a new biotech crop, in addition to the standard costs for developing and marketing a traditional variety. Given the small acreage of horticultural crops and their much lower overall value, it is difficult to justify the investment in transgenic horticultural crops. For example, the total U.S. market for iceberg lettuce seed is about $27 million. A typical single variety is worth about $150,000 to $250,000 during its 5-year market lifetime, which suggests that garnering a large market share of lettuce varieties with significant added value would be necessary in order to pay for the additional costs imposed on biotech varieties.
Commercialization opportunities
Despite this gloomy picture, regulatory strategies may be possible that would protect public and environmental safety while decreasing the cost of introducing biotech specialty crops (Strauss 2003 Under current and proposed regulatory guidelines, the best approach for such testing might be to seek approval first in major acreage row crops such as corn, cotton, soybeans and rice, and allow those approvals apply to specialty-crop uses, as was the case for Bt sweet corn following the approval of Bt field corn. Of course, this approach is limited to traits that are applicable in both agronomic and horticultural crops, and will likely exclude many traits directed toward output quality.
IR-4 management and stakeholder support issue is even more difficult, as they are not in unanimous support of developing agricultural biotechnology, principally due to consumer concerns in Europe and to a lesser extent the United States. In the future, the IR-4 framework could be useful to address the pest-control needs of horticultural and other specialty crops via plant biotechnology, once a consensus is reached that they are cost-effective and safe for the environment and consumers.
R.E. Holm is Executive Director and D. Kunkel is Assistant Director, IR-4 Program, North Brunswick, N.J. -continued on page 114
The interagency IR-4 program evaluates the safety of agricultural chemicals intended for use on specialty crops. In Salinas, Agricultural Research Service agronomist Sharon Benzen displays broccoli grown in test plots, which will be used to determine pesticide residue levels.
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China aggressively pursuing horticulture and plant biotechnology
Jikun Huang Scott Rozelle AS the world debates the costs and benefits of plant biotechnology, swinging between optimism generated by a long list of breakthroughs and pessimism caused by a consumer backlash in some places, a new source of plant biotechnology discoveries is emerging in a most unlikely place: China. And the discoveries being made are more than cosmetic transformations. China's research community has made a major investment into understanding the structure and function of the rice genome, the use of agrobacterium to transform the rice plant, and new methods of transforming other crops, including a wide array of horticultural plants.
China has one of the largest and most successful agricultural research systems in the developing world (Stone 1988) . Historically, much of China's research was focused on grain, and the government invested in research and development (R&D) as part of its pursuit of food self-sufficiency. Horticulture played only a small role in China's development strategy.
Economic growth, the rise of markets and the opening up of China's economy have resulted in a sharp shift in government policy and producer decision-making. As markets emerged in the 1990s, farmers reduced their area sown to traditional grain and fiber crops and began to cultivate vast tracts of produce. Fruit and vegetable area has nearly doubled in China, expanding by more than 20 million acres during the 1990s, adding the equivalent of a "new California" every 3 years for the past 12 years.
The Chinese research system has responded to the new demands. In the mid1990s, top research administrators began allocating more funds to nontraditional crops. Researchers, including those in a nascent privatesector seed company, were given more freedom to work on broader array of crops and provided with incentives to shift to horticultural crops.
Research in modern plant biotechnology began in the mid-1980s. Chinese scientists now apply advanced biotechnology tools to plant science, Chinese scientists now apply advanced biotechnology tools to plant science, regularly working on the synthesis, isolation and cloning of new genes, and the genetic transformations of plants. (Huang et al. 2002) , and are currently working on a large number of horticultural crops such as tomatoes, melons and peppers (table 1) .
The technologies that have been approved for commercial release also demonstrate China's ability to move ahead with its biotechnology program. Among the varieties approved and licensed for commercialization before 2000 were shelf-life-altered tomatoes, color-altered petunias and pest-resistant peppers. Although approvals for genetically modified (GM) food crops have slowed recently, China was allocating about 9% of its research budget to plant biotechnology in 1999. In the late 1990s, China accounted for more than half of the developing world's expenditures on plant biotechnology. Recently, officials announced a plan to drastically raise research budgets.
Many issues face China's research administrators. China's government recently put into place a regulation and biosafety system, but it is new, underfunded and has not proven its ability to enforce regulation. Chinese leaders are struggling with issues of consumer safety and acceptance, both within their own country and in countries that import its farm commodities. Almost nothing is known about how Chinese consumers would react if they knew that their food was produced with GM varieties, although recent research suggests a relatively high degree of acceptance.
China's government also must decide if it will continue to bear almost the entire burden for funding biotechnology research. There is almost no private-sector funding. In the late 1990s, total spending by foreign firms on agricultural research in China was less than $16 million (Pray et al. 1997) . China has options for increasing private research but is constrained by poor intellectual property rights (IPR), underdeveloped seed markets and prohibitive regulations on private firms.
Finally, the size of China's research investment, the improved education of its scientists that are involved in plant biotechnology research and its past success at developing biotechnology tools and GM plants suggest that its plant biotechnology industry may one day become an exporter of research methods and commodities. In both industrialized and developing countries, opportunities are expanding for contract research, exporting GM varieties, and selling genes, markers and other biotechnology tools. China has advantages such as large groups of well-trained scientists, low-cost research, limited regulation and large collections of germplasm.
At the same time, it has the disadvantage of almost no commercial biotech industry, a fragmented seed industry, public researchers inexperienced in working with corporations and a weak IPR regime. The Chinese agricultural-biotechnology sector will have to compete with the private and public sectors in other countries -the private life-science giants, smaller private biotech firms in industrialized countries, and universities in the United States and other industrialized countries. Because of its lack of capital and experience in global competition, China may have trouble competing in the most lucrative markets. However, the multinational life-science companies may be willing to leave relatively minor crops, including many horticultural crops, to China.
The emergence of China as an agricultural trading nation, and its rising strength in plant biotechnology research, offers fundamental challenges to California. China has a large advantage in producing labor-intensive horticultural crops, given its low wage structure and virtually unregulated agricultural economy. Indeed, China has already begun to make inroads into fruit and vegetable markets in East Asia that were once dominated by California growers. In contrast, California's marketing infrastructure and UCbased agricultural R&D system give it an edge in producing and delivering high-quality products and competing for foreign markets. To the extent that science will improve the quality and marketability of China's fruit and vegetable producers, plant biotechnology will improve China's competitiveness.
Inside China, where consumer acceptance is less of an issue, a more productive farming sector could mean less room for California's products. However, if China relies primarily on plant biotechnology to improve product quality, it might give California an advantage in world markets. As a developing country with a poor reputation for emphasizing food safety, China may not easily garner access to world markets for commercial releases of GM fruits and vegetables. Countries such as Europe and Japan are already skeptical about GM foods and likely would be especially concerned about importing them from a nation with a relatively short and untested consumer and biosafety record. determining the necessary testing requirements. Costs can be reduced by focusing development on biotech genes that have already been commercialized in agronomic crops, since expensive toxicity studies done on a new protein produced in a biotech agronomic crop can be used for the same protein produced in a biotech horticultural crop.
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The USDA IR-4 program conducts and pays for the collection of efficacy and safety data on pest-control chemicals for "minor" or "specialty" crops, which include most horticultural crops (see sidebar, page 110). A new, expanded "biotech IR-4" program focused on full crop registration, including EPA, USDA and FDA requirements, could benefit horticultural crops being developed in universities, government laboratories and small companies. This is particularly critical for the next generation of transgenic products, which will be more consumer-oriented and specific to horticultural crops. Because horticultural products in the pipeline are likely to have altered nutritional or quality traits, specific safety tests will be required that cannot rely on data generated for agronomic crops. Without a program like IR-4, testing requirements could preclude such products from ever being developed and reaching the market.
As demonstrated by Calgene and Zeneca with their early tomato products, consumers are receptive to labeled products that have clear quality or price benefits. However, focusing entirely on consumer-oriented traits would forgo valuable benefits for crop production, such as virus resistance, which could have enormous advantages for producers that would not be readily recognized by consumers. As further experience is gained with biotech methods, regulatory requirements should be relaxed for categories of products posing little health or environmental risk. In addition, generic crop and gene approvals (such as glyphosate-resistance approval for all alleles in all leafy vegetables), rather than the current "event-specific" approach (separate approvals for each allele in each vegetable), would do much to encourage further development of such products.
Around the world, farmers desire and in some cases, demand the benefits that can come from the improved varieties. In India, for example, extensive precommercialization field trials of insect-resistant cotton found average yield increases of 80% along with a 68% reduction in insecticide use (Qaim and Zilberman 2003) . Farmers saw the value of the varieties and grew 25,000 acres of insect-resistant cotton in 2001, prior to government approval (in 2002). Similarly, a significant percentage of soybeans in Brazil was grown from herbicide-resistant seeds smuggled into the country from Argentina and propagated by farmers, as Brazilian courts held up their release despite governmental approval. While planting of insect-resistant corn has not been approved in Mexico, Mexican workers returning from the United States have brought back seed corn for planting, and biotech food grain sold in Mexico has also been planted. At the 2002 Institute of Food Technologists' annual meeting, E.C.D. Todd of Michigan State University reported that Thai farmers are smuggling and planting biotech seeds from China. While the distribution of biotech varieties outside of legal channels cannot be condoned, these examples illustrate that farmers are aware of the advantages these varieties can deliver. As research continues at many companies, universities and government laboratories, biotech horticultural products having similar attractions for growers and consumers (see page 89) may overcome the current financial and logistical hurdles facing their commercial development.
Future prospects; biotech in China
Despite vocal opposition, agricultural biotechnology continues to advance. China has made significant strides in commercializing GE horticultural crops over the past 10 years and may well become the world's leader during the next 10 years (see sidebar, page 112). China was the first country to commercialize biotech plants, beginning with field production of thousands of acres of virusresistant tobacco in 1988, followed by virus-resistant tomatoes (500 acres) and sweet pepper (6 acres) in 1994 (Chen and Zhu 1994; Rudelsheim 1994; Zhou et al. 1994; Stipp 2002) . In the mid-1990s, China was criticized by an American delegation for having only a provincial and not a national product-approval system. For several years afterward, it was difficult to determine whether further commercial plantings of biotech crops occurred in China (Redenbaugh et al. 1996) .
Interestingly, China established 1997 as the "official" commercialization date for biotech cotton, tomato, sweet pepper and petunia, which is when the crops were authorized by the agricultural-biotechnology safety na currently claims to be second only to the United States in agricultural biotech research, development and cultivation, and China is taking full advantage of uncertainty caused by the European Union's stance on biotech approvals. Beijing University vice president Chen (1999) stated, "I expect that in 10 years between 30% and 80% of the rice, wheat, maize, soya, cotton and oilseed crops in China will be transgenic crops. We can take advantage of this 4-year halt [E.U. moratorium] to turn China into a world power in genetically modified organisms."
China is in an excellent position to develop and create internal markets for biotech horticultural crops and clearly has the opportunity to surpass the United States in biotech crop development. Recently, China erected barriers to the importation of biotech grains, creating confusion for U.S. and world exporters, while backing away from some of its earliest commercial biotech products (Macilwane 2003) . It is not known whether this is due to internal concern over biotech products or fear of jeopardizing its own export markets to Europe, or is a trade barrier to allow for additional internal development of biotech products. Greater clarity will occur should this issue come before the World Trade Organization (WTO).
Regulatory issues and costs are reducing commercial opportunities for new biotech crops in the United States. Of course, China will need to meet the requirements of any country receiving their exports, but currently it is unclear whether any of China's biotech products are being exported. Korea and Japan are not likely to press this as a trade issue. Other internal political issues are currently complicating commercialization efforts within China, but these are likely to be only short-term barriers (Economist 2002) .
While the United States falters over biotech fruits and vegetables, China is positioning itself to be the world leader in coming years. For the American horticultural industry, the results could be devastating if the United States loses its current competitive edge and more agricultural production moves overseas. 
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